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Abstract 

Direct measurements were made of the auroral electron influx in 

the energy range 2 - 6 -  keV by particle detectors carried through a 

diffuse, post-breakup auroral display aboard a rocket launched from 

Fort Churchill in March 1965. This display was accompanied by both 

ionospheric absorption of cosmic radio noise and by very strong geo- 

magnetic activity. Electron intensities averaging 3 x Id electrons 

(E> 25 keV)/cd /sec/ster and exceeding at times lP/cn? /sec/ster were 

encountered during the flight. The electron energy spectra was quite 

flat generally being characterized by an e-folding energy between 20 

and 35 keV but reaching 50 keV at one time. Both the electron flux and 

the energy spectra exhibited rapid (- 0.5 sec) variations on occasion 

during the flight. The association of the post-breakup aurora, ionospheric 

absorption, and geomagnetic activity hith the observation of large fluxes 

of precipitated electrons of energies greacer than 25 ke’v’ EGEG E picture 

consistent with an intense auroral zone x-ray event. In addition, the 

overall character of the electron precipitation sampled by this rocket 

suggests a close association with those electron streams observed by 

McDiarmid and Burrows on Allouette. 



Introduction 

The energy spectra of the electrons which p ipitate into the atmosphere 

in the auroral zone and so give rise to the auroral glow, ionospheric dis- 

turbances and other aurorally associated activity surely is a reflection of 

the processes which energize these particles. 

energy spectra indirectly can give insight into the properties of this pre- 

cipitation mechanism. For example, the observation by McIlwain (1960) of an 

auroral electron influx consisting, in the main, of 6 keV particles strongly 

suggested an electrostatic acceleration mechanism. 

Thus knowledge of these electron 

Further there would appear to be an association between certain auroral 

events and particular characteristics of the auroral particle bombardments. 

The common observation of auroral zone x-ray events in conjunction with 

geomagnetic bay activity implies a hardening of the electron spectra of the 

precipitating electrons at this time. 

relationship between auroral luminosity and ionospheric absorption clearly 

showed that the post-breakup electron precipitation possessed a harder energy 

spectrum than the early evening bombardment. Such a diurnal variation in the 

electron energy spectra, especially in view of the auroral breakup marking the 

transition between soft and hard spectra, imposes contraints upon proposed 

auroral particle source mechanisms and may indicate that two mechanisms operate 

to precipitate electrons (Barcus, 1965). The study of the electron energy spectra, 

with particular attention toward the character of the associated auroral zone 

activity can better describe the differences between pre and post-breakup auroral 

activity . 

Similarly Ansari's (1964) study of the 

Finally, knowledge of the energy and intensity of particles precipitated 

during auroral displays are vital for comparison with satellite measurements 

made elsewhere in the magnetosphere in order to determine that region of space 

over which auroral particle acceleration mechanisms operate. 



-2- 

To these ends a number o i  souncling rocket  payloads were instrumented f o r  . 
el. LIle d=LcLLLuLI ,+,-c:..- of ?ow energjj e l e c t r o n s  and launched i i i to aurora l  d i sp l ays  vver 

Church i l l ,  Man. This paper r epor t s  t h e  r e s u l t s  of one of these f l i g h t s .  

INSTRUMENTAT I O N  

The s c i e n t i f i c  instrumentat ion c a r r i e d  aboard NASA 14-118 GE was designed 

t o  measure the f l u x  and energy spectrum of a u r o r a l  e l e c t r o n s  i n  the energy range 

2-60 keV. The complement of d e t e c t o r s  included a zinc s u l f i d e  s c i n t i l l a t i o n  

counter ,  three e l e c t r o n  energy spectrometers which u t i l i z e d  a channel e l e c t r o n  

m u l t i p l i e r  to  d e t e c t  i nd iv idua l  e l e c t r o n s ,  and a s i n g l e  channel m u l t i p l i e r  

background de tec to r .  

The s c i n t i l l a t i o n  d e t e c t o r  was of the powder z inc  s u l f i d e  type described 

by Oavis, e t .  a l .  (1960) and consis ted of a t h i n  l aye r  of ZnS(Ag) phosphor 

deposited d i r e c t l y  upon the face of a pho tomul t ip l i e r  tube.  

aluminum over the  phosphor prevented the phototube from responding t o  a u r o r a l  

o r  moon l i g h t .  

0 
A 1500 A l a y e r  of 

The purpose of t h i s  s c i n t i l l a t o r  w a s  t o  provide a measure of the t o t a l  

a u r o r a l  p a r t i c l e  energy in f lux .  This w a s  done by monitoring the  phototube 

output  cu r ren t  which could then be r e l a t e d  t o  t h e  energy f l u x  inc iden t  upon the 

s c i n t i l l a t o r  by means of a p r e - f l i g h t  c a l i b r a t i o n .  This  c a l i b r a t i o n s - b o  

e s t ab l i shed  t h a t  the d e t e c t o r  had maximum and cons t an t  s e n s i t i v i t y  f o r  e l e c t r o n s  

between 8 keV and 60 keV. 

While the t o t a l  energy d e t e c t o r  would a l s o  respond t o  protons having 

energies  between 30 keV and 1 m e V ,  on the b a s i s  of previous measurements of 

a u r o r a l  p a r t i c l e s  the p o s i t i v e  ion o r  proton i n f l u x  w a s  no t  expected t o  con- 

t r i b u t e  s i g n i f i c a n t l y  t o  the t o t a l  energy i n f l u x .  Therefore  i n  the  i n t e r p r e t a t i o n  

of d a t a  i t  was assumed t h a t  the phototube c u r r e n t  ou tpu t  w a s  due e n t i r e l y  t o  a n  

- -  
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i n f l u x  of e l e c t r o n s .  

This s c i n t i l l a t i o n  d e t e c t o r  w a s  mounted i n  the rocket  a t  an angle of 

45’ t o  the rocket  s p i n  a x i s  and viewed the inc ident  charged p a r t i c l e  f l u x  

through a co l l ima to r  having a geometrical  f a c t o r  of .095 cm’ s t e r .  

- -  
The phototube cu r ren t ,  taken a t  the n in th  dynode of the phototube, was 

- fed t o  a logarithmic electrometer ,  and the analog electrometer  output t e l e -  

metered continuously t o  the ground. The electrometer  was capable of accept ing 

c u r r e n t s  ranging from the  phototube dark cur ren t  a t  one extreme t o  the 

amp c u r r e n t  c a p a b i l i t y  of the phototube power supply a t  the o ther  extreme. 

This dynamic range i n  cur ren t  corresponded t o  a dynamic range i n  energy f l u x  - 
assuming the i n f l u x  t o  be e l e c t r o n s  having energy between 8 and 60 keV - of 

from .02 ergs/cu?/sec/s ter  t o  20 e r g s / c d / s e c / s t e r .  The time r e s o l u t i o n  of 

the t o t a l  energy d e t e c t o r  system varied with the phototube cu r ren t ,  bu t  i n  

a l l  cases  w a s  s h o r t e r  than 50 msec. 

I n  a d d i t i o n  t o  the t o t a l  energy measurements made with the  s c i n t i l l a t i o n  

d e t e c t o r ,  the e l e c t r o n  p a r t i c l e  f l u x  w a s  inves t iga ted  a t  th ree  energies  between 

3 and 30 keV using a magnetic spectrometer-channel e l e c t r o n  m u l t i p l i e r  d e t e c t o r  

system shown schematical ly  i n  Fig.  1. The inc ident  a u r o r a l  p a r t i c l e s  a r e  

allowed t o  e n t e r  the d e t e c t o r  through a col l imator  and the coll imated beam 

passed between the poles  of a magnet. The magnetic f i e l d  provides both  a 

s e p a r a t i o n  of low energy e lec t rons  from protons and an ene rgy- t r a j ec to ry  d i s -  

pe r s ion  among the e l e c t r o n s .  The p a r t i c l e  d e t e c t o r ,  a channel e l e c t r o n  m u l t i -  

p l i e r ,  i s  posi t ioned behind the magnet b u t  o f f s e t  from the a x i s  of the co l l imator .  

... 

Thus only those e l e c t r o n s  having a magnetic r i g i d i t y  such t h a t  they w i l l  be bent 

i n t o  the open mouth of the channel m u l t i p l i e r  w i l l  be counted. 

The broad energy r e s o l u t i o n  of such an arrangement i s  shown i n  Fig.  2 ,  

where the  t h e o r e t i c a l  geometrical  factor-weighted f o r  an i so t rop ic  p a r t i c l e  



- 4- 

f lux -  i s  p lo t t ed  a g a i n s t  e l e c t r o n  energy given i n  u n i t s  of E - E being the 

energy of t he  e l e c t r o n  f o r  which the d e t e c t o r  system has the m a x i z x m  gec= 

m e t r i c a l  s e n s i t i v i t y .  The gross f ea tu res  of the curve i n  Fig.  2 were checked 

i n  a c t u a l  c a l i b r a t i o n  of the d e t e c t o r  u n i t s  using monoenergetic beams of 

e l e c t r o n s .  

0’ 0 

The f a c t  t h a t  the channel m u l t i p l i e r  d e t e c t o r  i s  o f f s e t  from the a x i s  

of the col l imator  precludes the channel m u l t i p l i e r  from responding t o  e i t h e r  

protons o r  t o  au ro ra l  emissions i n  the f a r  u l t r a v i o l e t  region. 

Three de t ec to r  systems of t h i s  design,  d i f f e r i n g  from one another  only 

i n  the s t r eng th  of the bending magnet, and thus i n  E , were included i n  the  

payload. The center  energies  E se t  by the magnetic f i e l d  s t r e n g t h s ,  were 

determined by laboratory c a l i b r a t i o n  t o  be 3 .5  keV, 9 . 5  keV, and 2 5  keV f o r  

the th ree  de t ec to r s .  Hence, because of the broad energy r e s o l u t i o n  of the 

0 

0 ,  

- -  

.system, r e l a t i v e l y  complete coverage of e l e c t r o n s  of energies  between 2 . 5  keV 

and about 40 keV was poss ib l e  with these instruments .  Further  d e t a i l s  of t h i s  

d e t e c t o r  system a r e  given i n  an appendix. 

These three d e t e c t o r s  were mounted i n  the  payload wi th  the co l l ima to r  

a x i s  of each directed a t  an angle  of 45’ t o  t he  rocke t  s p i n  axis i n  t he  same 

manner a s  t he  s c i n t i l l a t i o n  d e t e c t o r .  On each of these th ree  instruments the 

channel m u l t i p l i e r  output pu l se s ,  generated by the  low energy e l e c t r o n s  e n t e r i n g  

the mouth of the d e t e c t o r ,  were fed t o  a threshold d i sc r imina to r  and thence t o  

a s t r i n g  of binary s c a l e r s .  The outputs  of t hese  t h r e e  s e p a r a t e  s c a l e r  u n i t s  were 

telemetered t o  the ground v i a  ind iv idua l  s u b c a r r i e r  channels .  The dynamic range 

of the channel m u l t i p l i e r  d e t e c t o r  and the geometry of t he  energy analyzing 

system were such t h a t ,  over a wide v a r i a t i o n  i n  t h e  e l e c t r o n  energy s p e c t r a ,  

e l e c t r o n  inf luxes corresponding t o  a u r o r a l  i n t e n s i t i e s  between IBC I and IBC III 

could be measured. 
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, A fou r th  channel m u l t i p l i e r  u n i t  i n  a shielded conf igu ra t ion  was 

I included i n  the  instrumentat ion t o  provide background d a t a  and t o  act  as a 
I 
I 

check upon the  performance of t h e  other  t h r e e  channel m u l t i p l i e r  d e t e c t o r s .  

The complement of p a r t i c l e  de t ec to r s  i s  summarized i n  Table I. 

A f l u x  g a t e  magnetometer i n  the payload provided information about t he  
- 

o r i e n t a t i o n  of t he  p a r t i c l e  d e t e c t o r s  with r e spec t  t o  the  magnetic f i e l d .  

I 

An accelerometer t o  o b t a i n  d a t a  on the rocket  performance and t o  a i d  i n  

r econs t ruc t ing  t h e  payload t r a j e c t o r y  completed the  nosecone instrumentat ion.  



a, 
M 
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2 
u 
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E 
cd 
C 
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0 
U 
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. FLIGHT DESCRIPTION 
I 

The Nike-Apache sounding rocket carrying the instrumentation described 

in the previous section was launched into a post breakup auroral display over 

Fort Churchill, Manitoba at 2222:54 local time on March 23, 1964. The rocket 
l -  
I system performed normally and, based on radar tracking, data from the on-board 

accelerometer, and the total time of flight the payload reached a peak altitude 

of 184 + - 1 km at approximately 214.5 seconds after launch. Impact occurred 

417 seconds after launch at a distance of 50 km from the launch site. 

The payload spun at a rate of 6 rps throughout the flight with the spin 

axis aligned at all times within 10' of the local geomagnetic field line. Thus 

the particle detectors responded, in general, to incoming radiation with local 

pitch angles only between 35' and 55O and as a result, little could be decermined 

about particle pitch angle distributions. 

The display had faded to an intensity of about 40 kR at the time of the l-aunch. 

A riometer, situated at the launch site blockhouse, registered a rapid increase 

in the ionospheric absorption of cosmic radio noise codncident with the onset of 

the breakup phase of the auroral display. After reaching a maximum value of 

3.2 db, at the time of breakup, the ionospheric absorption recovered to 1.8 db at 

the time of launch. The riometer continued to display an absorption of more 

c than 1.3 db during the entire flight. 

Also simultaneous (to within 2 min) with the breakup of the display was 

the very abrupt onset of a geomagnetic bay as registered by the Churchill mag- 

netometer. The horizontal component of the earth's field decreased by over 

500 y within the period of 120 seconds and the field remained disturbed throughout 

the flight. The amplitude of the horizontal component of the field change during 
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t h i s  bay r e l a t i v e  t o  t h a t  of t he  v e r t i c a l  suggests t h a t  the c u r r e n t  system 

generat ing the bay w a s  s i t u a t e d  near Church i l l ,  bu t  the rapid and l a rge  

f luxuat ions i n  the  magnetometer t r a c e  d i d  no t  permit an accu ra t e  a n a l y s i s  

of the p o s i t i o n  o r  motion of t h i s  ionospheric c u r r e n t  t o  be made.  

of a u r o r a l  breakup, ionospheric d i s tu rbances ,  and the  onset  of a magnetic bay 

i s  q u i t e  t yp ica l  although t h i s  event i s  somewhat more in t ense  than average. 

The a s s o c i a t i o n  

Fig.  3a is a 14 sec a l l  sky camera exposure taken between 2 1  sec and 35 sec  

a f t e r  t h e  launch of the rocket .  The s t r e a k  i s  the  burning of the second s t a g e  

while t he  c i r c l e  r ep resen t s  t he  projected p o s i t i o n  of the rocke t  when i t  reaches 

100 km a l t i t u d e .  Although the moon has reduced the q u a l i t y  of the photograph, 

p a r t i c u l a r l y  in  the southwest quadrent,  a d i f f u s e  aurora  i s  seen a t  t h e  aiming 

po in t  together with a b r i g h t  arc i n  the n o r t h e a s t  and some s t r u c t u r e  i n  both the 

northwest and south east .  

same, with modest i n t e n s i t y  v a r i a t i o n s  during the  f l i g h t  as i s  shown i n  the  a l l  

sky camera frame exposed a t  from +156 t o  +170 seconds, displayed i n  Fig.  3b. 

The general  c h a r a c t e r  of t he  d i s p l a y  remained much the 

Fig.  4 shows the  raw count ra te  h i s t o r y  of t he  th ree  d i f f e r e n t i a l  energy 

d e t e c t o r s  together w i th  the phototube c u r r e n t - t o t a l  energy d e t e c t o r  output  

during the f l i g h t .  

The sharp increases  i n  a l l  channel m u l t i p l i e r  count rates t h a t  were 

encountered a t  +156 sec, +196 s e c  and around +220 sec were during per iods of 

enhanced au ro ra l  luminosity a s  viewed by the a l l  sky camera. 

i n t e n s i t i e s  encountered a t  +156 sec were s u f f i c i e n t  t o  have exceeded t h e  

dynamic range of the t o t a l  energy d e t e c t o r  and t o  cause i t  t o  go i n t o  s a t u r a t i o n  

a s  manifested by the apparent ly  anomalous dec rease  i n  phototube output  c u r r e n t  

a t  +156 sec .  Such an e f f e c t  w a s  dup l i ca t ed  i n  the  l a b o r a t o r y  and i s  due t o  t h e  

cu r ren t  l imi t ing  o f  t he  phototube vo l t age  supply.  The l a c k  of a recovery of t h e  

phototube cu r ren t  t o  i t s  i n i t i a l  l e v e l  during t h e  remainder of t he  f l i g h t  i s  due 

The e l e c t r o n  

*. 
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t o  phototube f a t igue .  The ne t  r e s u l t  of the e f f e c t  of t h i s  unusually bigh 

energy i n f l u x  upon the t o t a l  energy s c i n t i l l a t o r  i s  t o  render any q u a n t i t a t i v e  

energy f l u x  measurements i nva l id ,  but  the d e t e c t o r  output may s t i l l  be conf iden t ly  

u t i l i z e d  a s  an ind ica t ion  of changing p a r t i c l e  in f luxes .  
-.. 

Because the  channel m u l t i p l i e r  has had, as y e t ,  l imited use as a low energy 

- charged p a r t i c l e  de t ec to r ,  the d a t a  from the e l e c t r o n  spectrometers was examined 

c l o s e l y  f o r  evidence of d e t e c t o r  malfunction and a number of independent cross-  

checks on the  ope ra t ion  of the de tec tors  were performed. It was concluded, as 

d e t a i l e d  i n  the appendix; t h a t  this d a t a  was v a l i d  t o  wi th in  the  expected e x p e r i s  

mental e r r o r s .  

RESULTS AND DISCUSSION 

The measurements made during the f l i g h t  by the three  d i f f e r e n t i a l  energy 

second count rate averages taken a t  d i f f e r e n t  per iods during the  f l i g h t  are pre- 

sented i n  Fig.  5. 

A s  i s  discussed i n  the appendix the absolute  e l e c t r o n  i n t e n s i t i e s  shown i n  

the f i g u r e  are believed accu ra t e  t o  within a f a c t o r  of two. The shape of the 

e l e c t r o n  energy spectrum, o n ' t h e  o ther  hand, i s  portrayed more accu ra t e ly  becaase 

many of t he  e r r o r s  i n  measurement apply equal ly  t o  a l l  three d e t e c t o r s .  A change 

i n  t h e  s p e c t r a l  shape, a s  f o r  example exhibi ted by the spectrum observed a t  

- +160 sec  a s  compared to  those obtained a t  +150 sec  and +170 sec ,  i s  exposed 

wi thout  ambiguity. 

It is seen  t h a t  the shape of the  energy spectrum, a s  t y p l i f i e d  by t h a t  

measured a t  +I50 sec  was r a t h e r  constant  during the f l i g h t .  If a n  energy spectrum 

of the  exponen t i a l  form e w e r e  t o  be assumed, t he  s lope of t h i s  "quiescent" 

spectrum between 9.5 keV and 25 keV would be cha rac t e r i zed  by an Eo gene ra l ly  

ranging from 20 keV t o  35 keV during the  f l i g h t .  A decreasing d i f f e r e n t i a l  
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e l e c t r o n  i n t e n s i t y ,  a s  i nd ica t ed  by t h e  fo ld ing  over o f  t h e  s p e c t r a  i n  

Fig. 5,  w a s  gene ra l ly  observed below 9.5 keV. 

The most s i g n i f i c a n t  departure  of t h e  e l e c t r o n  energy spectrum from 

t h a t  des ribed above occurred during the  per iod of i n t ense  e l e c t r o n  f l u x e s  

observed beginning a t  156 seconds a f t e r  launch. The spectrum obtained a t  

4-160 sec - t y p i ' a l  of t h i s  per iod during the  f l i g h t  - d i sp lays  t h i s  s p e c t r a l  

change as both an inc rease  i n  the  s lope  of the  h ighe r  energy p o r t i o n  of t h e  

spc  t r u m  t o  an e-folding energy E 

disappearance of t h e  knee i n  the  low energy po r t ions  of t h e  spectrum. 

of perhaps g r e a t e r  than 50 keV and t h e  
0 

A s  t h e  e l ec t ron  i n t e n s i t i e s  v a r i e d  during t h i s  event t h e  shape of t h e  

energy spectrum a l s o  v a r i e d  and f i n a l l y ,  as t h e  p a r t i c l e  i n t e n s i t i e s  re laxed 

toward t h e  average o r  quiescent  va lues  observed during the  f l i g h t ,  t h e  e l e c t r o n  

energy d i s t r i b u t i o n  reverted t o  the  shape observed p r i o r  t o  t h e  event. 

This  instance of a change i n  t h e  e l e c t r o n  energy spectrum accompanying 

a change i n  e l ec t ron  i n t e n s i t y  may be compared t o  t h e  behavior of t h e  energy 

spectrum during the  per iods of count r a t e  i n c r e a s e s  a t  +196 sec and +217 sec 

i n  which l i t t l e  change i n  s p e c t r a l  shapes were observed during i n t e n s i t y  f lux -  

ua t ions  exceeding a f a c t o r  of two. 

by a very rapid onset - t he  d e t e c t o r  count ra tes  doubling w i t h i n  0.2 s e c  

corresponding t o  about 20 meters h o r i z o n t a l  movement of t h e  rocket  - and by t h e  

very l a r g e  e l ec t ron  i n t e n s i t i e s  es t imated t o  exceed lo9 e l e c t r o n s  (E >25 ktV)/ 

c-mpscc /stet-. 

The event  a t  +156 sec was f u r t h e r  d i s t i n g u i s h e d  

The responses of a l l  the  exposed d e t e c t o r s  were examined wi th  t h e  f a s t e s t  

a v a i l a b l e  time r e so lu t ion  during t h e  per iod  around t h e  i n i t i a l  f l u x  increase 

a s soc ia t ed  with the  event a t  +156 aec i n  an e f f o r t  t o  determine whether t h e r e  

e x i s t e d  delays i n  t i m e  between t h e  increase as viewed by t h e  d e t e c t o r s  s e n s i t i v e  

t o  d i f f e r e n t  energy e l ec t rons .  O f  the  several  i n c r e a s e s  i n  e l e c t r o n  f l u x  observed 
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during the f l i g h t ,  the  rapid rise time of the +156 sec event l e n t  i t s e l f  

b e s t  t o  such a stu#y. 

Fig. 6 disp lays  t h i s  rise time as observed by the 25 keV and 3.5 keV 

channel m u l t i p l i e r  d e t e c t o r s  and by the  t o t a l  energy d e t e c t o r .  The 9.5 keV 

d e t e c t o r  d a t a ,  no t  p l o t t e d ,  followed the  response of the  25 keV d e t e c t o r  to  

wi th in  the a v a i l a b l e  time reso lu t ion .  

and the time r e s o l u t i o n  i n  the responses of the  3.5 keV and 25 keV de tec tors  a l low 

only the  suggestion t h a t  t he  h igher  energy d e t e c t o r  began the count rate increase  

about .060 sec before  the 3.5 keV de tec tor .  However, the  t o t a l  energy d e t e c t o r  

(although responding t o  the increase i n  energy f l u x  i n  an anomalous manner due 

t o  a s a t u r a t i o n  e f f e c t )  c l e a r l y  shows a f i r s t  a r r i v a l  of p a r t i c l e s  some .160 

sec  before  the b u r s t  was de t ec t ed  by the  25 keV channel m u l t i p l i e r .  

It is  seen t h a t  the counting s t a t i s t i c s  

I n  order  t o  properly i n t e r p r e t  both the change i n  e l e c t r o n  energy spectrum 

4L-c  -.-.-...---a d..-:-- c l . 2  nrr-..~ 4h- ,.heL.-..-+i,.- 
L u a L  w-buLAcu uuArii6 c r i L ~  C ; v S i u L  auu LuC- V w - - L v - b A u s f i  ~f the t L ~ e  del...; i~ the 

a r r i v a l  of e l e c t r o n s  of d i f f e r e n t  energies ,  the spacial-temporal ambiguity 

i n  the  p a r t i c l e  data should be resolved. 

To t h i s  end a l l  a v a i l a b l e  ground based observat ions and records w e r e  

examined f o r  evidence of motion on the par t  of e i t h e r  the  a u r o r a l  l m i n o s i t y  o r  

t he  ionospheric c u r r e n t  system during t h i s  per iod .  However, n e i t h e r  t h i s  d a t a  nor 

the  d a t a  obtained from the  rocket instrumentation were s u f f i c i e n t  t o  remove 

t h i s  ambiguity. 

Models can be put  f o r t h ,  however, t o  exp la in  the observat ion of a time delay 

i n  the  d e t e c t i o n  of e l e c t r o n s  of d i f f e r e n t  energies  assuming t h a t  the count r a t e  

peak w a s  e i t h e r  a pu re ly  temporal o r  a purely s p a c i a l  e f f e c t .  

I f  f o r  example, the count r a t e  peakwere due t o  the rocket  passing h o r i -  

z o n t a l l y  through an a l r eady  e s t ab l i shed  arc ( the  time width of the  count rate peak 

would imply an arc thickness  of about 1 .5  Km providing the  arc were s t a b l e  i n  

p o s i t i o n )  the time de lay  between the  measurement of e n e r g e t i c  and s o f t  e l e c t r o n s  
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a t  the pos i t i on  of the rocket  would imply t h a t  the p r e c i p i t a t i o n  of the 

more ene rge t i c  e l ec t rons  extended over a somewhat wider s p a c i a l  area than 

d i d  the lower energy e l e c t r o n  bombardment. Indeed, the observat ion t h a t  

t he  r e l a t i v e  time delay between the d e t e c t i o n  of the e l e c t r o n s  became pro- 

g re s s ive ly  sho r t e r  with lower e l e c t r o n  energy would be c o n s i s t e n t  with the  

presence of a s p a c i a l  g rad ien t  i n  the energy of the p r e c i p i t a t e d  e l e c t r o n s  

i f  the Lamour r a d i u s  of the e l e c t r o n s  i n  the  geomagnetic f i e l d  provided 

the s c a l e  of t h i s  g rad ien t .  

i 

Al te rna t ive ly ,  the change i n  e l e c t r o n  i n t e n s i t y  encountered a t  +156 

sec could have been a purely temporal increase.  

such a time delay i n  the a r r i v a l  of the p r e c i p i t a t i n g  e l e c t r o n s  a t  the top of 

the atmosphere could be a v e l o c i t y  d i spe r s ion  among the e l e c t r o n s  occurr ing 

over the path between the a u r o r a l  e l e c t r o n  source and t h e  rocke t .  

I n  such a c a s e ,  a source of 

Generally l i t t l e  energy i n f l u x  i s  c a r r i e d  by a u r o r a l  e l e c t r o n s  of energies  

g r e a t e r  than a few hundred keV s o  t h a t  i t  may be assumed t h a t  the i n i t i a l  

response of the t o t a l  energy d e t e c t o r  w a s  due t o  e l e c t r o n s  of energy about 

200 keV. This being the case the .220 sec t i m e  de l ay  between the d e t e c t i o n  of 

200 keV e l ec t rons  and e l ec t rons  i n  the range 3.5-6 keV would suggest ,  f o r  a 

pure v e l o c i t y  d i spe r s ion ,  a source d i s t ance  of - l o 4  km while  a s imi l i a r  com- 

p u t a t i o n  using a .160 sec delay between the  200 keV and 25-40 keV e l e c t r o n s  

y i e l d s  a dis tance of 4 x lo4 km. 

This i s  i ncons i s t en t  with a simple v e l o c i t y  d i s p e r s i o n  exp lana t ion  of the 

time delays but r a t h e r  would i n d i c a t e  t h a t  e l e c t r o n s  of d i f f e r e n t  ene rg ie s  had 

t h e i r  source a t  d i f f e r e n t  p o s i t i o n s  i n  space,  o r  t h a t  e l e c t r o n s  of d i f f e r e n t  

energies  were generated a t  d i f f e r e n t  times. 

Moreover the  r a t h e r  s h o r t  time delays between t h e  d e t e c t i o n  of e l e c t r o n s  

by th.e 25  keV, 9 .5  keV, and 3.5 keV d e t e c t o r s  would seem t o  speak a g a i n s t  t he  

impulsive burst  of e l e c t r o n s  o r i g i n a t i n g  from a r eg ion  of space f a r  removed from 
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from the e a r t h ' s  sur face  (e.g. the equator ia l  p lane) .  

In  an analogous fashion the change i n  the shape of the e l e c t r o n  energy 

spectrum can be explained by e i t h e r  

a) The presence of a region of space over which the  e l e c t r o n  bombard- .- 
ment i s  r i c h e r  i n  h ighe r  energy e l e c t r o n s  than elsewhere ( t h i s  "hotspot" 

- 
would then be superimposed upon a more o r  l e s s  homogeneous bombardment) o r  

b) The sudden and gross  change wi th  time i n  both the f l u x  and energy of 

the p r e c i p i t a t i n g  e l e c t r o n s  - an e f f e c t  which would r e f l e c t  a change i n  the  

mechanism responsible  f o r  p r e c i p i t a t i n g  the e l e c t r o n s  i n t o  the atmosphere. 

The d i r e c t i o n a l  energy f luxes  given in Fig.  5 were estimated from the  

absolu te  e l e c t r o n  i n t e n s i t i e s  measured by the d i f f e r e n t i a l  energy e l e c t r o n  

d e t e c t o r s  and r ep resen t  a summing over only the  energy bands covered by these 

d e t e c t o r s .  Comparisons made e a r l y  i n  the f l i g h t  between the  energy inf luxes  

obtained i n  t h i s  manner and those measured by the to ta l  energy dcttctor yield 

agreement to wi th in  a f a c t o r  of two t o  three.  This i s  very nea r ly  w i t h i n  the  

est imated e r r o r  of a f a c t o r  of two i n  the  p a r t i c l e  measurements and, consider ing 

the p o s s i b l e  lo s s  of s e n s i t i v i t y  i n  the t o t a l  energy s c i n t i l l a t o r ,  cannot be 

regarded as s e r i o u s .  

The peak energy f l u x  encountered during the f l i g h t  was estimated on the 

b a s i s  of channel m u l t i p l i e r  p a r t i c l e  i n t e n s i t y  measurements t o  be g r e a t e r  than 

120 ergs/cm2 / s e c / s t e r  o r ,  assuming isotropy,  800 ergs/cm2 /sec.  

c During t h i s  period of peak p a r t i c l e  f l u x  the a u r o r a l  i n t e n s i t y  was 

est imated from densitometer measurements on the  a l l  sky f i lm t o  be about 40 kR. 

The agreement between the  observed aurora l  luminosity and the  n e t  energy i n f l u x  
i,. 

then can b e  considered t o  be good, e s p e c i a l l y  i n  view of u n c e r t a i n t i e s  i n  such 

perame ters as 

a) t h e  a b s o l u t e  value of the a u r o r a l  luminos i ty ,  

b) t he  energy f l u x  as deduced from the p a r t i c l e  abso lu t e  i n t e n s i t y  measurement.- 
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c )  t he  assumption t h a t  the p r e c i p i t a t e d  p a r t i c l e  f l u x  (sampled only 

over p i t c h  angles between - 50' and 4 0 ' )  was i s o t r o p i c .  

d) the p a r t i c l e  energy t o  a u r o r a l  l i g h t  conversion e f f i c i e n c y  (HultqViSt 

(1964) c i t e s  various e f f i c i e n c i e s  d i f f e r i n g  by a f a c t o r  of t h r e e ) .  

One of the g e n e r a l i t i e s  t h a t  has been advanced concerning a u r o r a l  p a r t i c l e  

bombardment h a s  been t o  a s s o c i a t e  the q u i e t ,  pre-breakup a u r o r a l  d i sp l ay  - 

usua l ly  accompanied by only a modest l e v e l  of ionospheric and geomag:ietic 

e f f e c t s  - with an i n f l u x  of e l e c t r o n s  having energies  l e s s  than 10 keV. Con- 

versely the post-breakup phase of the d i s p l a y ,  o f t e n  coincident  with s t rong  

ionospheric and geomagnetic d i s tu rbances ,  may be a s soc ia t ed  wi th  an e l e c t r o n  

p r e c i p i t a t i o n  character ized by a f l a t  energy s p e c t r a ,  r i c h  i n  e l e c t r o n s  of 

energies  g rea t e r  than 20 keV. 

Although exceptions t o  t h i s  p i c t u r e  have c e r t a i n l y  heen observed (Barcus, 

1965) the study of the r e l a t i o n s h i p  between the c h a r a c t e r  of the v i s u a l  a u r o r a l  

d i sp l ay  and associated ionospheric dis turbances (Ansari ,  1964) taken toge the r  

with the loose  c o r r e l a t i o n  between the observat ion of a u r o r a l  zone x-rays and 

the a u r o r a l  zone magnetic bay dis turbance (Anderson, 1964) i n d i c a t e  t h a t  such 

a d i v i s i o n  i s  not a t  a l l  i n c o r r e c t .  A s t r i k i n g  example of the common occurrence 

of  ionospheric,  magnetic, and x-ray a c t i v i t y  and the a u r o r a l  post-breakup d i s p l a y  

i s  given by Anderson and DeWitt (1963). 

between s t eep  and f l a t  e l e c t r o n  energy s p e c t r a  t o  exp la in  away the o f t e n  poor 

c o r r e l a t i o n  between the magnitude of ionospheric  abso rp t ion  and a u r o r a l  luminosity - 
and c i t e s  numerous examples of each type of s p e c t r a l  " c l a s s " .  

Hu l tqv i s t ( l964)  has used such a d i s t i n c t i o n  

The e l ec t ron  energy spec t r a  observed during f l i g h t  14-118 i s  c o n s i s t e n t  w i th  

such a general  d i v i s i o n  between hard and s o f t  i n  t h a t  a hard e l e c t r o n  energy 

spectrum occurred i n  conjunction with the  a p p r o p r i a t e  geophysical  phenomena. 

S p e c i f i c a l l y ,  the combination of a sudden enhancement of t he  ionospheric  e l e c t r o n  

d e n s i t y ,  the post-breakup phase of t he  a u r o r a l  d i s p l a y ,  and the l a r g e  geomagnetic 

. 
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dis turbance a l l  observed t o  be associated with a l a rge  f l u x  of e lec t rons  of 

energ ies  g r e a t e r  than 20 keV e n t e r i n g  the atmosphere i s  c h a r a c t e r i s t i c  of an 

a u r o r a l  zone x-ray event c l a s s i f i e d  by Anderson (1964) a s  a magnetic dis turbance 

type. Indeed, the data would ind ica t e  tha t  during the period of the rocket 

f l i g h t  the f l u x  of e l e c t r o n s  i n  the energy range 20 t o  40 keV w a s  on the o rde r  

of 3 x 10*/cma/sec/ster and exceeded 109/cm2/sec/ster during the 15 seconds 

a f t e r  +l36 seconds. 

bremsstrahlung x-ray f luxes  pene t r a t ing  deep i n t o  the atmosphere. 

. -  

- 
Such e l e c t r o n  i n t e n s i t i e s  would have senerated very l a rge  

b 

It i s  i n t e r e s t i n g  to  note t h a t ,  i n  the event discussed above, the e l e c t r o n  

i n f l u x  was s u f f i c i e n t  t o  have generated both the in tense  x-rays and an a u r o r a  

of i n t e n s i t y  g r e a t e r  than I B C  11, an a s soc ia t ion  which i s  i n  varience with 

Anderson's (1962) experience t h a t  the occurrence of v i s u a l  a u r o r a l  forms slid 

a u r o r a l  zone x-rays a r e  not  we l l  cor re la ted  a t  Churchi l l .  This not withstanding,  

ie must be coi i t l i idcd that the event s t u d i e d  with  t h i s  rocket  .should be c l a s s i f i e d  

as a magnetic dis turbance a u r o r a l  zone x-ray event.  

The gene ra l  c h a r a c t e r  of the  e l e c t r o n  bombardment observed during the 

f l i g h t  of 14.118 i n  a d d i t i o n  bears a s t r ik in ;  resemblance t o  those e lec t r s i i  

streams de tec t ed  by McDiarmid and Burrows (1'765) on th.: P.liGLIette s a t e l l i t ? .  

Indeed the e l e c t r o n  f luxes  E > 40 keV reported by these authors  and a few e i e c t r o n  

f l u x  values  i n f e r r e d  from x-ray f luxes measured with ba l loon  instrumentation 

are the s o l e  observat ions of a u r o r a l  region 40 keV e l e c t r o n  p r e c i p i t a t i o n  having 

- i n t e n s i t i e s  comparable t o  those reported here .  Moreover, i n  the s t a t i s t i c a l  

s tudy of such e l e c t r o n  i n t e n s i t y  spikes  McDiarmid and Burrows showed 1) a 

dependance of the  frequency and peak i n t e n s i t y  of the spikes  upon increasing 

Kp,  2) t h a t  peak i n t e n s i t i e s  were encountered a t  i n v a r i e n t  l a t i t u d e  

(AA 70' a t  Churchi l l )  and 3) t h a t  the occurrence of such spikes  were clt iscered 

70° 

i n  the l o c a l  time period between 2200 and 2400. A l l  these features  serve  LO 

t i e  t he  i n t e n s e  streams of e n e r g e t i c  e lec t rons  measured on AZlouette with t.liat 
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p r e c i p i t a t i o n  sampled during the f l i g h t  of 14.118. It may follow t h a t  the 

e l e c f r o i i  p r e c i p i t a t i o n  responsible  f o r  the magnetic dis turbance a u r o r a l  zone 

x-ray e f f e c t s  can be i d e n t i f i e d  with the  e l e c t r o n  f luxes measured by M c D i a r m i d  

and Burrows. 

McDiarmid and Burrows f u r t h e r  suggest t h a t  the e l e c t r o n s  observed a t  the 

Al loue t t e  s a t e l l i t e  were generated i n  the  t a i l  of the magnetosphere. A s  w a s  

pointed out  above, however, i f  the rapid change i n  i n t e n s i t y  a t  +156 sec 

were due t o  the impulsive a c c e l e r a t i o n  of e l e c t r o n s  i n  some region of space,  

the r e l a t i v e  time delay between the a r r i v a l  of the lower energy e l e c t r o n s  would 

not  suggest an a c c e l e r a t i o n  process occurr ing as f a r  from the e a r t h  a s  5 x 104km 

I. 

- 

L. 
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APPENDIX 
# 

We included th ree  d i f f e r e n t  magnetic spectrometers on the  payload i n  

order  t o  ob ta in  th ree  p o i n t s  on the d i f f e r e n t i a l  energy spectrum of the  primary 

a u r o r a l  e l e c t r o n s .  

d e t e c t o r  ,system whose response i s  maximum f o r  e l ec t rons  of energy E 

d i f f e r e n t i a l  e l e c t r o n  f l u x  a t  Eo t he  following f a c t o r s  m u s t  be taken i n t o  

account.  

However, t o  relate the count r a t e  observed i n  a s i n g l e  

t o  the  
0 

1. The counting e f f i c i e n c y  of the channel m u l t i p l i e r  t o  e l e c t r o n s  of  

ene rg ie s  i n  the  range about Eo. 

2. 

3 .  

The d e t a i l s  of energy response curve on the ana lyze r .  

The a c t u a l  primary e l e c t r o n  energy spec t r a  (because the energy response 

of t he  ana lyze r  i s  n o t ,  i n  r e a l i t y ,  d i f f e r e n t i a l  bu t  q u i t e  broad.)  

4 .  The con t r ibu t ion  of background t o  the t o t a l  count r a t e .  Here back- 

ground i s  taken t o  mean, noc only that d w  t o  ~ e n e t r a t i n g  r a d i a t i o n ,  but  a l s o  

those counts  due t o  e l e c t r o n s ,  with energy outs ide the nominal response of the 

ana lyze r ,  t h a t  have entered the de t ec to r  by mul t ip l e  s c a t t e r i n g  i n  the co l l ima to r s .  

The e r r o r  i n  the  abso lu te  value of the primary e l e c t r o n  f l u x  dN/dE a t  Eo 

c a l c u l a t e d  from an observed d e t e c t o r  count rate by neg lec t ing  or approximating 

the  above e f f e c t s  i s  estimated t o  be a f a c t o r  of two. 

On the  o t h e r  hand the r e l a t i v e  shape of the t h r e e  p o i n t  energy s p e c t r a  

given by the ind iv idua l  f l u x  values a t  the three ene rg ie s  i s  more accu ra t e  than 

would be expected from the f a c t o r  of two uncertainty given above f o r  t he  ind iv idua l  

f l u x  va lues  themselves because many of the approximations t h a t  were made appl ied 

e q u a l l y  t o  a l l  t h ree  of the d e t e c t o r  responses. 

The occurrence of changes i n  the  shape of the e l e c t r o n  energy spec t r a  

du r ing  a f l i g h t  would of course be reproduced by the t h r e e  channel m u l t i p l i e r  

d e t e c t o r s  without ambiguity and t o  a degree of accuracy given by the systematic  

e r r o r  i n  the ind iv idua l  s p e c t r a l  shapes themselves. 
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Some amount of analysis of the data was directed to ascertaining that these 

channel multiplier detector systems performed as expected during the flight. 

Inspection of the count rate vs. altitude profiles exhibited by the three 

exposed channel multiplier detectors, a comparison of their count rate profiles 

with that of the background detector, and the close correlation between channel 

multiplier count rate changes and both the auroral luminosity and the response 

of the total energy detector all confirm that these 1 7  energy electron detectors 

were indeed responding properly to the auroral particle influx. 

Moreover the electron energy spectrum inferred from the low energy electron 

measurements made just prior to the rocket re-entering the atmosphere is consistent 

with the electron extinction profile observed during re-entry indicating that the 

inferred energy spectrum was valid in its essentials. 

Finally, comparisons made early in the flight between the electron energy flux 

computed from the low energy electron intensity measurements and that observed 

directly by the total energy detector show agreement to within a factor of 2 to 3.  

Considering that the total energy detector may have been exhibiting (even early 

in the flight) non-linear effects because of the large particle influxes, this 

result is consistent with the uncertainties in the knowledge of the absolute 

electron intensities themselves. 

* 

W 

c 

I 
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FIGURE CAPTIONS 

I 1) A schematic of the channel multiplier-magnetic analyzer electron detector. . 
2 )  The response curve of the channel multiplier-magnetic analyzer as a function 

of energy. 

3 )  14 second auroral all sky photographs taken at 2 1  seconds and at 156 seconds 

after laun h. 

4 )  The raw responses of all detectors plotted against flight time. 

- .  

- 
5) 

flight. 

6 )  

2 5  keV, and total energy detectors. 

Sample electron differential electron energy spectra obtained during the 

The details of the intensity rise at +156 sec as detected by the 3.5 keV, 
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